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1

ASSEMBLY FOR CONVERTING SOLAR
RADIATION INTO ELECTRIC AND/OR
THERMAL ENERGY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 371 of PCT/IB2011/055100, filed
Nov. 15, 2011, which claims the benefit of Italian Patent
Application No. RM2010A000597, filed Nov. 16, 2010, the

contents ol each of which are incorporated herein by refer-
ence.

TECHNICAL FIELD OF PRESENT INVENTION

The present mvention places 1n the field of the solar
energy exploitation. In particular, the present invention
places 1n the field of the energy or solar radiation conversion
into electric and/or thermal energy. More in details, the
present mnvention relates to a device or system apt to convert
energy or solar radiation into electric and/or thermal energy.
Still more 1n details, the present invention relates ad a
system or a device for generating electric and thermal energy
by concentrating light or solar energy, said device or system
comprising a primary optics (for example a lens) collecting
the solar energy and converging 1t onto a high-efliciency
photovoltaic cell by means of a secondary optics which, in
turn, contributes to distribute the solar radiation onto the
photovoltaic cell. Said device further comprises a spacer
which functions as optic aligning member apt to guarantee
the precise alignment and positioning of the primary optics
with respect to the cell and/or the secondary optics. A
thermal dissipation system further contributes to convey the
heat generating into the cell onto a cooling (for example
hydraulic) circuit, wherein the heated fluid can be used for
different purposes, for example heating for civil use, cold
production, desalination, etc.

DESCRIPTION OF THE STATE OF ART

In the state of art systems and/or devices for converting
the solar radiation into current and/or electric energy are

known. For example, the photovoltaic panels making use of

s1licon photovoltaic cells are known; 1n this case, the solar
radiation incident onto the photovoltaic cells 1s transformed
into electric current. Systems making use of so-called multi-
junction cells (for example with triple junction) are also
known; 1n particular, the multi-junction cells are able to
convert a portion of the solar spectrum going from 350 nm
to 1900 nm, whereas 1n case of silicon traditional cells the
convertible solar energy spectrum 1s comprised between 40
nm and 900 nm. Furthermore, the multi-junction cells guar-
antee electric conversion etliciencies up to 38-40%, whereas
the conversion efliciency guaranteed by the traditional sili-
con cells 1s definitely lower (about 14%). At last, the
multi-junction cells are less sensible to the temperature than
the traditional silicon ones and they can work at definitely
higher temperatures, thus making possible a heat recovery.

An example of a concentration photovoltaic system of the
type known 1n the state of art 1s represented 1n FIG. 1. As 1t
1s clear from FIG. 1, the elementary unit 10 of the photo-
voltaic system 100 represented therein comprises a primary
optics 4 whereon the solar radiation 1incides. By means of the
primary optics 4, the solar rays are made to converge onto
the cell 6, positioned near the lens focus. The secondary
optics 5 1s used to homogenize the solar rays so as to lighten
the cell 6 uniformly as much as possible, as well as to

10

15

20

25

30

35

40

45

50

55

60

65

2

increase the device acceptance angle. The photovoltaic cell
6 1s further positioned onto a heat dissipator 7 (in turn,
arranged onto a support 8), said heat dissipator 7 thus
preventing the cell overheating due to the strong light
concentration inciding thereon (>40 W/cm?). FIG. 1 further
shows how the elementary umits 10 are assembled so as to
implement conversion modules 100 similar to the silicon
modules. In particular, FIG. 1 shows how the modules 100
known 1n the state of art are constituted by a front parquet
(exposed to the solar radiation) constituted by different
primary optics 4 and by a rear basement containing the
receivers with the relative cells in equal number to the

primary optics.

In systems of this type the cell cooling 1s obtained by
means of aluminium or copper metal plates, thermally
connected to the rear metal surface of the module or panel.
The module or panel i1s then cooled by means of the natural
air circulation from outside.

The problems which are met when the panels or modules
of the previously described type are different. In particular,
a first problem 1s related to the fact that in the modules or
panels known 1n the state of art the single elementary units
cannot be accessed separately; and therefore, 1n case of lack
of operation or erroneous operation of a single cell or
clementary unit, it will be necessary to proceed with replac-
ing the whole module or panel. A second problem 1s related
to the fact that the working temperature of the photovoltaic
cells and therefore of the modules will strongly depend upon
both the outer temperature and the level of venting existing
in that moment; however, this causes a high varniability 1n the
performances of the module 1tself, as for example a sudden
change 1n cell temperature equal to 20% can correspond to
a loss of absolute 2% of conversion efliciency of the cell
itsell. Another problem 1s due to the fact that the primary
optics are generally constituted by Fresnel lenses made of
plastic material hot moulded or silicone material moulded
onto a plane glass plate of common photovoltaic use.
However, this mvolves a limited time duration of the pri-
mary optics (following the UV degradation of the material
involving, 1n turn, losses of optical etliciency and structural
fragility), the occurrence 1n time of the yellowing phenom-
enon with consequent transmission reduction, as well as a
fragility of the primary optics (damages due to hail or due to
vandalistic acts), as the thickness of the plastic primary
optics 1s few mm, thermal deformations of lenses (which can
alter the geometry thereof and therefore the optical perfor-
mances), thermo-mechanical deformations of the module
(which can lead to the alignment loss in between primary
optics and receiver and/or secondary optics, as well as the
module sealing loss with consequent increase in the humid-
ity tightness). At last, an additional serious problem which
can be found 1n panels and 1n the solutions known to the state
of art 1s related to the dificulty of aligning perfectly and
correctly the various components, 1n particular the primary
optics and/or the secondary optics and/or the photovoltaic
cell. To this purpose, it 1s to be noted that it 1s necessary to
guarantee the correct alignment of the component portions,
in particular it 1s necessary to guarantee that the cell centre
falls 1n the lens focal axis and that the distance between cell
and lens 1s fixed, so as to optimize the incident flow and
avoid light losses.

Therefore, an object of the present invention is to obviate
the drawbacks mentioned previously and found 1n the solu-
tions known 1n the state of art. In particular, the objects and
the purposes of the present invention can be summed up as
follows.
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To propose a solution allowing to collect the incident solar
radiation by means of a primary optics and conveying it with

the maximum optical etliciency onto a high efliciency pho-
tovoltaic cell. To propose a high efliciency primary optics
with maximum resistance to the ageing, yellowing and wear
phenomena, due to the solar radiation and to the atmospheri-
cal agents. To implement an auto-collimating system which
can be assembled 1n simple and quick way, and which allows
aligning perfectly the lens or primary optics with the pho-
tovoltaic cell, by further guaranteeing the right focal dis-
tance (between primary optics and photovoltaic cell) as well
as to arrange the centre of the photovoltaic cell along the
optical axis of the primary optics, so as to optimize the
collection or reception of the solar radiation 1n order to
guarantee the cell maximum conversion efliciency. To
implement a high efliciency secondary optics allowing to
collect the maximum amount of light coming from the
primary optics and allowing to uniform the flow incident
onto the cell, both from the point of view of the intensity and
of the spectrum.

The secondary optics will further allow to increase the
system acceptance angle. To implement a base elementary
unit, allowing to be repeated so as to be able to implement
a module constituted by a plurality of base elementary units,
with a high performance uniformity (and that 1s by avoiding
marked differences in performances between the various
base elementary units of a module or panel). To this purpose
it has to be considered that, 1n case of a module or panel of
the type represented 1n FIG. 1, the panel efliciency can be
compared to the one of the base elementary unit with lower
elliciency therefore the presence 1n each module or panel of
low efliciency elementary units will have to be avoided. To
implement base elementary units hermetically sealed
towards the outside by avoiding the penetration of humidity,
rain or similar agents inside the base elementary umit, thus
by guaranteeing the protection of the cell and of the electric
and thermal connections from the atmospherical agents, by
avoiding condensation phenomena in the primary optics and
then obtaining the maximum time duration of the system
functionality. At last, an additional object of the present
invention 1s to implement a system for cooling the photo-
voltaic cell which, apart from keeping the working tempera-
ture at levels of maximum efliciency of photoelectric con-
version, allows recovering the heat produced through a
suitable carrier to use it as thermal source for other appli-
cations. One further aims at implementing a closing/opening
hermetic system of reversible type, that 1s with not destruc-
tive modes, able to allow the opening and hermetic re-
closing of the concentration unit by means of self-centering
and self-aligning mechanical systems, to perform easily a
possible maintenance/replacement of the components of the
same, by protecting, at the same time, the self-alignment and
centering conditions thereof.

The objects or purposes mentioned and described previ-
ously will be achieved by a system for concentrating the
light radiation of the type apt to be used for the conversion
ol the solar radiation into electric and/or thermal current as
claimed 1n the main claim 1, as well as by a module or
photovoltaic panel and by a photovoltaic plant as claimed in
claims 16 and 17, respectively. Additional embodiments of
the present invention are defined 1n the depending claims.

DESCRIPTION OF THE PRESENT INVENTION

The present invention can be applied 1n particular and
conveniently in the field for converting energy or solar or
light radiation mnto electric and/or thermal energy. In fact, the
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present invention oflers and proposes a new solution for
implementing the base elementary units used for implement-

ing the photovoltaic panels apt to convert the solar or light
radiation into electric current and/or thermal energy. There-
fore, this 1s the reason therefor application examples of the
present invention for implementing base elementary cells for
photovoltaic panels will be described hereinafter. However,
it 1s to be noted that the possible applications of the present
invention are not limited to the case of the base elementary
cells for photovoltaic panels. On the contrary, the present
invention advantageously can be applied 1n all cases wherein
it 1s necessary to align and position precisely different
component portions of a system, for example lenses, mirrors
or optical components 1n general. In fact, the present inven-
tion allows implementing optical systems (even not in the
photovoltaic field) with reduced costs, by taking materials
available on the market, according to a simplified manufac-
turing and assembling process with practically zeroed size or
alignment or positioning tolerances.

The present mnvention bases upon the general concept that
the advantages or drawbacks typical of the solutions known
in the art (1n particular of the photovoltaic modules or panels
known 1n the art) can be overcome or at least minimized by
implementing a system or device for concentrating the light
or solar radiation of the type apt to be used for converting the
solar radiation 1nto energy or electric current and/or thermal
energy (practically a base elementary unit for implementing
and assembling photovoltaic panels or modules) by means
ol a spacing supporting member, whereon a primary optics
with predefined shape 1s placed, as well as by means of an
alignment and self-centering member, with predefined shape
too, able to centre said primary optics on said supporting
member and 1n particular to bring the symmetry longitudinal
axis of said primary optics to coincide with the symmetry
longitudinal axis of said supporting member. Furthermore,
additional advantages will be obtained by equipping the
supporting member and the alignment member with fasten-
ing or locking means apt to allow locking the alignment
member onto the supporting member. In fact, as the primary
optics 1s compressed between the alignment member and the
supporting member, by simple pressing the alignment mem-
ber on the supporting member the contemporary alignment
and the fastening of the primary optics on the supporting
member will be obtained. A perfect sealing and thus pro-
tection of the component portions inside the supporting
member (in particular of the photovoltaic cell) will be
further obtained by making use of a sealing member inter-
posed between the primary optics and the supporting mem-
ber, as 1n this way the 1nside of the supporting member will
be perfectly sealed from outside.

BRIEF DESCRIPTION OF THE FIGURES

Hereinatter, the present invention will be clanfied by
means of the description of some embodiments thereof
represented in the enclosed drawing figures. However, 1t 1s
to be noted that the present invention 1s not limited to the
embodiments represented in the drawing figures; on the
contrary, all variants or modifications of the represented
embodiments, which will appear clear, obvious and 1mme-
diate to the person skilled in the art, fall within the scope and
the object of the present invention. In particular, in the
enclosed drawing figures:

FIG. 1 shows an exposed view of a photovoltaic ring or
module of the type known 1n the state of art;

FIG. 2 shows a longitudinal section view of an embodi-
ment of the present invention;
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FIG. 3 shows an exposed perspective view of the embodi-
ment of the present invention represented 1n FIG. 2;

FIG. 4a clarifies 1n schematic form the operation of the
present mvention;

FI1G. 4b shows the results which can be obtained by means 5
of the present invention;

FIGS. 5 to 7 show details or particulars of an embodiment
of the present invention;

FIGS. 8 and 9, respectively, show a perspective view and
a section view related to a component of an embodiment of 10
the present mvention;

FIG. 10 shows a perspective view of an additional com-
ponent of an embodiment of the present invention;

FIGS. 11 and 12 show details or particulars of an addi-
tional embodiment of the present invention. 15

DETAILED DESCRIPTION OF SOME
EMBODIMENTS OF THE PRESENT
INVENTION

20
In FIGS. 2 and 3, the device or system according to the
embodiment of the present invention represented therein
(practically the elementary or base umt for assembling and
implementing photovoltaic panels or modules) 1s repre-
sented by means of the reference number 10. Said 20 device 25
or system 10, comprises 1n particular a primary optics 4, for
example made of highly transparent glass or other transpar-
ent material, resistant to environment degradation forms, a
secondary optics 3, a spacer or alignment member 1, a
mechanical closure and joint member ¢ 2 to align the 30
primary optics 4 to the spacer 1 and to keep it 1n fixed
position on the spacer 1, as well as a recerver constituted by
a photovoltaic cell 6 mounted on a support 9 allowing to
dissipate the heat generated by the cell 6 and which even
plays a function of sealing the rear portion of the spacer 1, 35
and at last a hydraulic cooling circuit 7. FIG. 2 shows 1n
particular the mutual position of the component portions of
the system or device 10 under the completed assembly
condition, and that 1s under the condition wherein the
component portions are perfectly aligned 1n the operation 40
mutual position. Therefore, the symmetry longitudinal axes
A, B, C, D and E, respectively of the spacer 1, of the primary
optics 4, of the mechanical closure and jomnt member 2, as
well as of the secondary optics S and of the cell 6 will be
substantially coincident. 45
In particular, the primary optics 4 has a circular plan and,
according to the needs and/or circumstances, could be
replaced by an aspherical refractive member, for example
made of highly transparent glass, and therefore which does
not have aspherical aberration and 1t offers high perfor- 50
mances 1n terms ol chemaical stability and mechanical resis-
tance. The above-mentioned primary optics 4 1s positioned
at the upper opening of a spacer 1. Said spacer 1 or
supporting member of the primary optics 4 (of the lens) 1s
substantially hollow and with tubular and symmetrical shape 55
with respect to the longitudinal (for example cylindrical or
truncated conical) axis thereolf A and 1t could be imple-
mented with suitable matenals, for example aluminium by
means of precision deep-drawing process. The spacer 1, as
previously mentioned in advance, will have the function of 60
optically aligning and protecting the system (in particular
the component portions placed inside the spacer 1) from the
environmental agents and 1t will be so as to guarantee an
adequate parallelism and concentricity between its own front
openings (wherein the primary optics 4 1s places) and rear 65
openings (near thereof the secondary optics 3, the cell 6 and
the related support 9, as well as the cooling circuit 7 are

6

placed), so as to guarantee the alignment between the
primary optics 4 and the secondary optics 5 and the photo-
voltaic cell 6, along its own symmetry longitudinal axis A,
comnciding with the optical axis of the whole device or
system 10. The spacer 1 will further guarantee that the lens
4 and the photovoltaic cell 6 are kept 1n position at the
correct distance. The front opening of the spacer 1 (the one
thereon the lens 4 1s positioned) will further shaped (see the
tollowing description) so as to unite with the locking and/or
alignment and/or self-centering device 2 so as to guarantee,
apart from the correct positioning of the lens 4, even the
hermetic sealing of the system or device 10. At last, the rear
opening of the spacer 1 (opposite to the one thereon the lens
4 1s positioned) 1s shaped so as to unite with the underneath
receiver (constituted by the photovoltaic cell 6 and by the
relative support 9) so as to guarantee the correct positioning
of the receiver and thus the alignment of the cell 6, as well
as the hermetic sealing of the rear portion of the spacer 1.

In the embodiment of the device or system according to
the present ivention represented i FIGS. 2 and 3, the
secondary optics 5 1s constituted by a pyramidal truncated
hollow member the wall’s tilting therewith will be each time
chosen and determined according to the needs and/or cir-
cumstances, and the mner surface thereot 1s highly reflecting
so as to convey and homogenizing the light beams coming
from the primary optics 4 onto the underneath cell 6 and so
as to further compensate the chromatic aberration. For
example, the secondary optics 5 could comprise a support-
ing hollow structure made of aluminium, on the inner walls
thereol sheets made of a highly reflective composite material
are applied. Furthermore, still according to the needs and/or
circumstances, the sheets made of composite material could
be configured so as to have at the mcident rays a double
tilting (see FI1G. 10). The secondary optics 5 could further be
implemented so as to obtain the following eflects: (a)
transformation of the circular profile of the light beam
coming irom the primary lens 4 1nto a squared profile of the
same area and shape of the underneath cell 6 so that the cell
itself 6 1s invested integrally and uniformly by the incident
light; (b) compensation of the chromatic aberration pro-
duced by the lens as 1f one considers the with spectral range
wherein the system will operate, one understands how the
light rays having diflerent wavelengths have different focal
distances due to the dependence from refraction index of the
glass (of the primary optics 4) from the radiation wavelength
therefore it 1s necessary to convey by means of suitable
reflections the light rays coming from the primary lens 4, the
wavelength thereof 1s so as to have focal distance diflerent
from the nominal one and which then would go out of the
focal plane of the underneath cell 6; (e) increase 1n the
acceptance angle of the device or system 10; (d) non-
deformation and/or deterioration by thermal effect even 1n
situations wherein the device or system should find out of
the axis and all concentrated radiation should incide onto a
single reflecting face thereof.

The device or mechanical closure and joint member 2
(hereinafter also defined as alignment and/or self-centering
member) provides the alignment of the primary optics 4 on
the spacer 1, to keep 1n position the primary optics 4 onto
said spacer 1, as well as to close and seal the front opening
of the spacer 1 (by means of the lens 4 and 1n case with the
help of a sealing member, for example an O-ring). For
example, according to the needs and/or circumstances, the
joint member 2 could be made of composite material with
the thermal dilatation coeflicient intermediate between the
one of the material of the primary lens 4 and that of the
material of the spacer 1, by means of precision hot mould-
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ing. The chosen material will allow to absorb the thermal
dilatation differential which can show between the spacer 1
and the primary optics 4 under operating conditions of high
outer temperature.

The recerver, positioned at the rear opening of the spacer
1, could be constituted by a support 9, for example 1n
die-cast aluminium, whereon the photovoltaic cell 6 1is
positioned, said support 9 being able to be 1n case integrating,
portion of the cell cooling circuit. In the example repre-
sented 1n FIGS. 2 and 3, the cooling circuit 7 of the cell 6
comprises a pipe to be joined to a main piping apt to contain
a cooling fluid, for example water or similar cooling liquuds.
In particular, the support 9 will be designed and 1mple-
mented so as to unite mechamically and with precision with
the above spacer 1 (with the lower opening thereof) so as to
guarantee, as previously anticipated, the positioning of the
cell 6 1n the centre of the optical axis of the system 10 (and
thus 1n the centre of the symmetry longitudinal axis A of the
spacer 1) and therefore so as to guarantee, 1n case by means
of using a specific sealing 12, the hermetic sealing of the
lower portion of the spacer 1. The tight connection of the
support 9 to the spacer 1 furthermore 1s guaranteed by a
closure of the “bayonet” type, made possible thanks to the
presence of three projections 13A, 13B, 13C localized on the
top of said support 9 and corresponding cavities obtained in
the lower portion of the spacer 10. The structure of the
support 9 1s crossed by two mutually opposed metallic pins
14A, 14B concurring 1n implementing the electric connec-
tion to the cell 6. Between the two metallic pins 14A, 148
and the support 9 a layer of vulcanized plastic material 1s
interposed, destined to implement at the same time an
cilicient sealing of the device or system 10 and an optimum
clectric msulation between the same pins 14A, 14B and the
support 9. The photovoltaic cell 6 will band then positioned
onto the mnner surface of the support 9 (the one faced
towards the primary optics 4) and 1t will be connected
mechanically and thermally thereto by means of a suitable
glue, thermically conductible and electrically insulating
which will allow to keep the cell positioned and centred in
the operation position, to guarantee the electric msulation
between the cell and the support 9 and to guarantee the
maximum heat exchange between the cell 6 and the support
9 to avoid dangerous overheating of the cell itself and to
transier the maximum possible heat amount to the dissipator
and then to the cooling circuit 7.

Hereinafter, by referring to FIGS. 4a ¢ 4b, the fundamen-
tal operation principles of the system or device according to
the present invention will be explained.

As represented in FIG. 4a, the solar rays 11 incident onto
the primary optics or primary lens 4 cross said primary
optics 4 and are conveyed from the same primary optics 4
towards the secondary optics 5. The rays 11 then enter the
secondary optics 5 through the upper opeming thereotf (faced
towards the primary optics 4), they struck the reflecting
inner walls of the secondary optics 5 and are then retlected
until going out from the secondary optics 5 through the
lower opening thereof (opposite to the upper opening
thereot) going then to struck or involve the underneath cell
6. Thanks to the features of the secondary optics 5 men-
tioned previously, the light rays outgoing from the secondary
optics 5 will be distributed onto the underneath cell uni-
formly, thus by guaranteeing the maximum exploitment of
the cell and the maximum efliciency or yield 1 terms of
conversion of the light radiation 1nto energy and/or electric
current. F1G. 46 shows in detail the uniformity of the light
radiation intensity inside the cell area. At last, 1t will be
possible to minimize the eflects of the chromatic aberration.
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Hereinaftter, by referring to FIGS. 5 to 6, additional details
of the system or device according to the present invention
will be explained or clarified; in FIGS. 5 to 6, the features
or component portions which have been already described
previously by referring to other figures, are 1dentified by the
same reference numerals.

FIG. 5 shows clearly that the primary optics 4 comprises
a first substantially plane front surface 34, apt to be exposed
to the radiation, and an internal or 1inner surface 44, opposite
to said first front surface 34 1s substantially convex with
ashperical bend. The primary optics 4 has a circular plane
with a longitudinal symmetry axis B substantially perpen-
dicular to the surface (to this purpose see FIG. 2). The
primary optics or primary 4 further comprises an annular
resting surface 24, apt to be rested onto an annular resting
surface 21 of the spacing member 1. In the example of FIGS.
5 to 7, said resting surface 24 1s substantially plane and
therefore parallel to the exposed surface 34 of the lens 4;
however, according to the needs and/or circumstances, the
annular resting surface 24 could follow the convex profile of
the surface 44. In this case, even the resting surface 21 of the
spacer 1 could have a corresponding convex profile. The
primary optics 4 further comprises a truncated conical or
tapered radial annular surface 34 and thus tilted with respect
to the symmetry longitudinal axis B of the optics 4 of a
predefined solid angle 5§ extending from the plane outer
surface 34. A peripheral radial surface substantially parallel
to the symmetry longitudinal axis B unites at last the
truncated or tapered surface 34 and the annular resting
surface 24. With respect to the spacer 1, it 1s to be noted that
the same comprises an ending annular portion 81, the inner
surface thereof 1s substantially cylindrical and which
extends substantially parallelly to the symmetry longitudinal
axis B. Said ending annular portion 81 indeed defines the
resting surface 21, and comprises a projection 51 extending
radially outwardly from said annular portion 81. Said pro-
jection further comprises a truncated or tapered peripheral
radial surface 71, therefrom an abutment or contrast surface
61 extends, which 1s substantially plane and perpendicular to
the symmetry longitudinal axis B. At last, on the outer
surface of said annular portion 81, near the resting surface
21, an indentation or housing 41 1s obtained which extends
for the whole outer circumstance of the annular portion 81.
In FIGS. 5 to 7 a sealing annular member 3 1s furthermore
represented, apt to be interposed between the primary optics
4 and the spacer 1, 1n particular between the resting annular
surface 24 of the primary optics 4, and the corresponding
surface of annular support 21 of the spacer 1. To this
purpose, the sealing member, for example an O-ring made of
rubber or however an elastic material, comprises a portion
33 extending substantially towards the inside of the spacer
1, and therefore 1n direction substantially perpendicular to
its own symmetry longitudinal axis, as well as a second
portion 23 extending from said first portion 33 1n direction
substantially parallel to the symmetry longitudinal axis of
the sealing annular member 3. The portion 33 1s apt to be
comprised between the surfaces 24 and 21 respectively of
the primary optics 4 and of the spacer 1, whereas the portion
23 1s apt to be received and housed in the housing 41
obtained on the outer surface of the annular portion 81 of the
spacer 1. The system further comprises an alignment and
seli-centering member (mechanical closing and joint mem-
ber) 2, which as it will be explained hereinatter, 1s used to
centre the primary optics 4 on the spacer 1 and to fasten the
primary optics 4 on the same spacer 1. To this purpose, the
joint member 2 comprises an annular main body 32 extend-
ing 1n direction substantially parallel to 1ts own symmetry




US 10,032,946 B2

9

longitudinal axis C. Furthermore, the main body 32 defines
a tapered 1nner radial surface (faced towards the symmetry
axis C), thus tilted towards the symmetry axis C of a
predefined solid angle. In particular, the tapered radial
surface 22 of the jomnt member 2 will be substantially
parallel to the tapered peripheral radial surface 34 of the
primary optics 4. At last, the main annular body 32 of the
joint member 2, near the lower portion thereof 52 has an
engagement seat 42 defining an annular and substantially
plane engagement surface 62, perpendicular to the symme-
try axis C, therefrom a tapered or truncated conical surface
extends substantially parallel to the tapered or truncated
conical surface 71 of the projection 51 of the spacer 1. The
action of the component portions described previously, 1n
particular of the spacer 1, of the sealing 3, of the primary
optics 4 and of the joint member 2 can be summarized as
follows. The assembly of the system or of the 10 starts by
arranging the mvolved portions as represented in the FIGS.
5 and 6, and therefore with the sealing member 3 rested onto
the supporting surface (with the portion 33 rested onto the
surface 21 and the portion 23 recerved in the housing 41),
with the primary optics 44 rested onto the sealing 33
(substantially so that the surface 24 1s 1n contact with the
portion 33 of the sealing 3) and therefore with the portion or
annular portion 81 of the spacer 1 received and housed 1n the
annular main body 32 of the joint member 2. Subsequently,
the joint member 2 1s further approached to the primary
optics 4 so that the tapered surface 22 of the joint member
2 abuts with the corresponding tapered surface 34 of the
primary optics 4. By pushing the annular joint 2 against the
primary lens 4, the contrast between the corresponding
abutment surfaces 22 and 34 will produce a radial force F
directed towards the centre of the lens 4 which will act onto
the primary lens 1tself and then by causing 1n case motions
of the lens 4 in the radial direction so that the primary lens
4 will align perfectly to the spacer 1, in particular so that the
respective symmetry longitudinal axes A and B will coin-
cide. The pressure exerted onto the primary lens 4 by means
of the joint member 2 will be transferred at least partially to
the sealing member 3, therefore the portion 33 of the sealing
member 3 will be crushed and deformed as shown 1n FIG.
7, therefore by guaranteeing the hermetic sealing of the
system or device, thus by avoiding that atmospherical agents
such as for example humidity, rain and the like, can pen-
ctrate 1nside the spacer 1, by further guaranteeing the
possibility of inserting inside the concentration unit, inert
gases (for example, nitrogen, etc.) and/or implementing
vacuum conditions, depressions or overpressures. The pres-
sure exerted onto the lens 4 by means of the joint member
2, and the consequent deformation of the sealing deriving
therefrom will allow the joint member 2 to reach a position
(that of FIG. 7) with respect to the spacer 1, wherein the
engagement seat 42 of the joint member 2 will find at (at the
same height) the projection 31 of the spacer 1. To this
purpose 1t 1s to be noted that, by moving the joint member
2 downwards 1n FIGS. 5 do 7, the end 52 of the main annular
body 32 of the joint member 2 at first will be 1n contact to
the tapered surface 71 of the projection 51. The radial force
towards outside generated in this way will cause a defor-
mation towards the outside of the lower end 52 of the main
annular body 32, deformation which will be possible thanks
to the elastic nature of said main annular body 32 (or at least
of the end portion thereof 52). When then at last the end
portion 52 has overcome the projection 51, 1n particular
when the engagement surface 62 has overcome the engage-
ment surface 61, the elastic nature of the annular main body
32 (or at least of the end portion thereotf 52) will be so that
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the main annular body 32 assumes again the original nature
form, so that the projection 51 1s housed 1n the engagement
seat 42 and the engagement surfaces 62 are 61 are 1n contact.
In this way the alignment of the primary optics 4 with
respect to the spacer 1 (so that the respective symmetry
longitudinal axes B and A substantially coincide) and the
locking of the primary optics 4 on the spacer 1 in the
alignment position will be obtained, as well as the hermetic
closure of the spacer 1, or at least of the upper opening
thereol, by means of the sealing member 3. The accidental
misalignment and the accidental uncoupling of the primary
optics 4 from the spacer 1 will be then avoided. However, on
the contrary, if 1t 1s necessary, for example, obtaining access
inside the spacer 1, it will be suflicient to unlock and remove
the joint member 2 and the primary optics 4; the unlocking
will be however a quite simple and quick procedure, as 1t
will simply require the disengagement of the projection 51
from the engagement seat 42.

In FIGS. 11 and 12, the device or system according to the
additional embodiment of the present invention represented
therein 1s designated with the reference numeral 15. In this
case, the spacer 16 has, on the top, a projecting portion 17
extending radially towards the outside and having a sub-
stantially “L”-like longitudinal profile defining an annular
inner surface 18 orthogonal to the symmetry axis of said
spacer 16.

The primary lens 19 of the device or system 15, instead,
has peripherally an annular lower surface 20 orthogonal to
the symmetry axis of said lens 19 and an upper indentation
53 with “L”-like longitudinal profile developing along the
whole outer circumierence of the primary lens 19, thus
defining a related annular upper surface 54 parallel to the
annular lower surface 20.

La second embodiment of the present invention illustrated
in FIGS. 11 and 12 and described in this case further
provides the use of an annular sealing 55, with longitudinal
profile substantially shaped like a “C”, apt to be put on
outside the primary lens 19, so as to embrace both the
annular upper surface 54 and the annular lower surtace 20 of
said primary lens 19, and to be interposed between the latter
and the spacer 16, by means of related insertion inside the
projecting portion 17 until going in abutment with the
annular inner surface 18.

The mechanical closure and joint member 56, arranged
for the alignment of the primary lens 19 on the spacer 16 and
for mutually fixing the last two members, has an annular
development and a longitudinal profile substantially shaped
like an overturned “L”” with an elastic portion of lower end
57 shaped like a hook. In particular, the alignment and the
closure mentioned above are obtained by inserting the
mechanical closure and joint member 56 on the top of the
spacer 16 until bringing the upper portion thereof 1n abut-
ment with the portion of the sealing 55 coinciding with the
annular upper surface 54 of the primary lens 19, so as to
determine the hooking, or the snap connection, of the lower
portion thereof 57 with the projecting portion 17 of the
spacer 16, thanks indeed to the elastic nature of the same
mechanical closure and joint member 56.

In this second embodiment of the invention, the alignment
between the primary lens 19 and the spacer 16 1s then
obtained by means of positive connection implemented by
said lens 19, said spacer 16 and the sealing 535 interposed
thereto.

Therefore, by means of the detailed description of the
embodiments represented in the drawing figures, 1t was
demonstrated that the present invention allows to achieve
the pre-established objects and to overcome or at least
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mimmize the drawbacks typical of the systems or devices
known 1n the state of art. In particular, 1t was demonstrated
that the system according to the present invention allows a
reliable mutual alignment and positioning of the spacer and
of the primary optics. The precise and reliable alignment of
the secondary optics and of the photovoltaic cell 1s further
guaranteed by the supporting member which carry out then
functions similar to the ones carried out by the joint member.
Furthermore, by choosing 1n a suitable way the matenals for
the primary optics, the same will guarantee maximum resis-
tance to the ageing phenomena due to the solar radiation and
to the atmospherical agents. The spacer will guarantee the
stiflness necessary to avoid accidental misalignments, for
example due to wind, to the thermal dilation of the matenals
and to similar phenomena. The secondary optics will further
guarantee that the maximum light quantity coming from the
primary optics mvests a photovoltaic cell, and furthermore
that a photovoltaic cell 1s mvested by the light rays uni-
formly.

It was further shown the possibility of implementing a
casing with hermetic sealing casing with possibility of
maintaining inside thereof inert gases with pre-fixed pres-
sure and/or implementing vacuum conditions, depression or
overpressure, as well as the possibility of opening/closing
the concentration unit by means of mechanical systems with
operation of the reversible that 1s not destructive operation.

The set of the primary optics and of the secondary optics
will further allow to increase the acceptance angle of the
system or device. The system or device according to present
invention can further be used conveniently as base elemen-
tary unit for implementing photovoltaic panels or modules.
In case the sealing member 1s used, the perfect sealing of the
systems will be further obtained and therefore 1t will be
avoided that humidity or rain can penetrate inside and the
deteriorate the iner component portions. At last, the heat
generated by the could be conveniently exploited and recov-
ered and be then used as thermal source for other applica-
tions, for example for civil heating. In fact, 1n case of a
photovoltaic system constituted by several hundreds of
devices according to the present invention, the heat pro-
duced by each device will be summed to the one produced
from all the other ones by producing a thermal state and a
temperature of the cooling liquid temperature sufliciently
high so as to allow the use thereof as heat carrier for civil
uses of various kind such as conditioning and/or heating.

It 1s 1mportant to note that the present invention 1s not
limited to the embodiments described previously and rep-
resented 1n the drawing figures. On the contrary, within the
scope of the present invention there are all vanants and
modifications of the embodiments described and represented
which will appear clear to the persons skilled in the art. For
example, the present invention 1s not limited to the materials
mentioned 1n the previous description, but 1t comprises all
the materials equivalent thereto. In the same way, still
according to the present invention, avoiding the use of the
sealing member will be also possible, for example 1n the
cases and circumstances wherein the particularly advanta-
geous use conditions (lack of humidity and rain) are so that
to make unnecessary the hermetic sealing of the system. The
object and the scope of the present invention are then defined
by the claims.

The invention claimed 1s:

1. A system or device for concentrating the light radiation
of the type apt to be used for converting the solar radiation
into electric current and/or thermal energy, said system
comprising
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a primary optics with circular plane made of a transparent
material and configured to define a front surface, an
inner surface, and a peripheral annular surface, the
primary optics having a symmetry longitudinal axis (B)
and being apt to allow a passage there through of the
light radiation,

a tubular hollow supporting member with circular cross-
section having a symmetry longitudinal axis (A), said
supporting member being apt to support said primary
optics,

an alignment and self-centering member with annular
shape configured to define a radial surface parallel to
the peripheral annular surface of the primary optics, the
alignment and self-centering member having a longi-
tudinal symmetry axis (C) and apt to be pushed against
said primary optics and to align and self-center said
primary optics with respect to said supporting member,
and

a sealing member interposed between said primary optics
and said supporting member so as to guarantee an
adherence between said primary optics and said sup-
porting member so as to obtain an hermetic sealing of
the system,

wherein the alignment and self-centering member com-
prises a main body defining a tapered inner radial
surface tilted towards the longitudinal symmetry axis
(C) of the alignment and seli-centering member of a
predefined angle, the main body being further provided
with an engagement seat and a lower end portion of
deformable nature, the engagement seat defining an
annular and planar engagement surface perpendicular
to the longitudinal symmetry axis (C) and a tapered
surface extending from the annular and planar engage-
ment surface,

wherein the supporting member comprises a projecting
portion with a tapered surface, the projecting portion
being configured in such a way that in an assembly
configuration the projecting portion 1s recerved in the
engagement seat and the tapered surface of the project-
ing portion engages to the tapered surface of the
engagement seat, thereby fastening said alignment and
self-centering member and said primary optics to said
supporting member 1n said assembly configuration, and

wherein 1n said assembly configuration the radial surface
of the alignment and self-centering member pushes
against the peripheral annular surface of the primary
optics, thereby producing a radial force directed
towards the center of the primary optics so that the
respective longitudinal symmetry axes (A) and (B) of
the primary optics and of the supporting member
coincide and at the same time the produced force 1s at
least partially transferred to the sealing member that 1s
deformed to guarantee an hermetic sealing between the
primary optics and the supporting member.

2. The system as claimed in claim 1, wherein said
supporting member comprises a supporting surface with
annular shape and apt to come 1n contact with the corre-
sponding surface with annular shape of said primary optics
s0 as to support said primary optics.

3. The system as claimed 1n claim 1, further comprising
a secondary optics housed 1nside said supporting member.

4. The system as claimed in claim 3, wherein said
secondary optics comprises a hollow body with a reflecting
inner surtace and with an inlet opening faced towards said
primary optics and an outlet opening opposed to said inlet
opening, so that the light radiation passing through said
primary optics enters said hollow body of said secondary
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optics through said inlet opening and outgoes from said
hollow body through said outlet opening.

5. The system as claimed 1n claim 3, further comprising
at least a photovoltaic cell positioned at said outlet opening
of said secondary optics and apt to transform at least
partially the light radiation outgoing from said secondary
optics through said outlet opening of said hollow body into
electric current.

6. The system according to claim 5, further comprising
means apt to transifer the heat produced by said at least a
photovoltaic cell, so as to keep the operating temperature of
said at least a photovoltaic cell inside a pre-defined range.

7. The system according to claim 5, further comprising
means for transierring heat comprises means apt to utilize

the heat dissipated from said at least a photovoltaic cell.

8. The system according to claim 1, wherein said system
implements a casing with hermetic sealing with possibility
of keeping 1nside thereof 1nert gases with positive or nega-
tive prefixed pressure and to implement partial or total
vacuum conditions.

9. A photovoltaic module or panel comprising a plurality
of systems as claimed 1n claim 1.

10. A photovoltaic plant comprising one or more modules
or panels as claimed 1n claim 9.

11. The system as claimed in claim 1, wherein the
supporting member comprises at an end proximate the
primary optics, an indentation on a radially outer surface, at
least a portion of the sealing member being received
between the indentation and the main body of the alignment
and self-centering member.

12. The system as claimed 1n claim 11, wherein said inner
surface of said primary optics including an annular resting
surface facing an annular surface of said supporting member
and the sealing member includes:

a first portion disposed between an annular resting surface
of the supporting member and the annular resting
surface of the primary optics; and

a second portion disposed between the indentation and the
main body of the alignment and selif-centering member.

13. A system or device for concentrating the light radia-
tion of the type apt to be used for converting the solar
radiation into electric current and/or thermal energy, said
system comprising

a primary optics with circular plane made of a transparent
material and configured to define a front surface, an
inner surface, and a peripheral annular surface, the
primary optics having a symmetry longitudinal axis (B)
and being apt to allow a passage there through of the
light radiation,

a tubular hollow supporting member with circular cross-
section having a symmetry longitudinal axis (A), said
supporting member being apt to support said primary
optics, said inner surface of said primary optics includ-
ing an annular resting surface facing an annular surface
of said supporting member,

an alignment and self-centering member with annular
shape configured to define a radial surface parallel to
the peripheral annular surface of the primary optics, the
alignment and seli-centering member having a longi-
tudinal symmetry axis (C) and apt to be pushed against
said primary optics and to align and self-center said
primary optics with respect to said supporting member,
and

a sealing member interposed between said primary optics
and said supporting member so as to guarantee an

10

15

20

25

30

35

40

45

50

55

60

14

adherence between said primary optics and said sup-
porting member so as to obtain an hermetic sealing of
the system,

wherein the alignment and self-centering member com-
prises a main body defining a tapered inner radial
surface tilted towards the longitudinal symmetry axis
(C) of the alignment and selif-centering member of a
predefined angle,

said alignment and self-centering member being fastened
to said supporting member 1in an assembly configura-

tion,

wherein in said assembly configuration the radial surface
of the alignment and selif-centering member pushes
against the peripheral annular surface of the primary
optics, thereby producing a radial force directed
towards the center of the primary optics so that the
respective longitudinal symmetry axes (A) and (B) of
the primary optics and of the supporting member
comncide and at the same time the produced force 1s at
least partially transferred to the sealing member that 1s
deformed to guarantee an hermetic sealing between the
primary optics and the supporting member, and

wherein the supporting member comprises an indentation
on a radially outer surface at an end proximate the
primary optics, and the sealing member 1s L-shaped
and includes a first portion disposed between the annu-
lar resting surface of the supporting member and the
annular resting surface of the primary optics 1n a
longitudinal direction and a second portion disposed
between a lateral surface of the indentation and a lateral
surface of the main body of the alignment and seli-
centering member.

14. The system as claimed i claim 13, wherein said
supporting member comprises a supporting surface with
annular shape and apt to come 1n contact with the corre-
sponding surface with annular shape of said primary optics
sO as to support said primary optics.

15. The system as claimed 1n claim 13, further comprising
a secondary optics housed 1nside said supporting member.

16. The system as claimed in claim 15, wherein said
secondary optics comprises a hollow body with a reflecting
inner surface and with an inlet opening faced towards said
primary optics and an outlet opening opposed to said inlet
opening, so that the light radiation passing through said
primary optics enters said hollow body of said secondary
optics through said inlet opening and outgoes from said
hollow body through said outlet opening.

17. The system as claimed 1n claim 15, further comprising
at least a photovoltaic cell positioned at said outlet opening
of said secondary optics and apt to transform at least
partially the light radiation outgoing from said secondary
optics through said outlet opeming of said hollow body into
clectric current.

18. The system according to claim 17, further comprising
means apt to transier the heat produced by said at least a
photovoltaic cell, so as to keep the operating temperature of
said at least a photovoltaic cell inside a pre-defined range.

19. The system according to claim 17, further comprising
means for transferring heat comprises means apt to utilize
the heat dissipated from said at least a photovoltaic cell.

20. The system according to claim 13, wherein said
system 1mplements a casing with hermetic sealing with
possibility of keeping inside thereof mert gases with positive
or negative prefixed pressure and to implement partial or
total vacuum conditions.
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